The area defined as the N -S transect of Central Europe encompasses Slovenia, Croatia, Hungary, southern Slovakia, northern Austria, Moravia and southern Poland. Physical and biological environmental analysis have been undertaken for the Gravettian period of the last glacial, between 31 and 22 ka cal BP. Mammal faunas have been recorded from different provinces, which have climatic differences. These climatic differences are reflected in the sediments, the plant cover and the fauna. Over the course of several warm and cold events from 31-22 ka the biodiversity of the individual provinces has remained roughly the same, but important quantitative changes have occurred in the individual faunas.
Introduction
The article reviews the mammals found in the Gravettian settlements in the territory of the eastern part of Central Europe. The fauna was taken from publications of Gravettian sites in the study area [2, 12] . The territory is divided in south-northward direction into several provinces from Slovenia and Croatia (the southernmost sites of Gravettian in the study area) to southern Poland. Based on the knowledge of the vegetation cover and analysis of mammals the different environment of each province in Gravettian time is investigated.
The study area of the North-South transect of Central Europe is located in the area between the northern end of the Adriatic Sea (Slovenia, Croatia), through the Pannon- * E-mail: rudolf@sci.muni.cz ian Basin (Hungary),around the Danube and Tisa rivers to Slovakia and Austria and through Moravia to southern Poland. The northern limit of the transect ends at the southern boundary of the limit of continental glaciation during the LGM. Throughout the Quaternary period the area has constituted a migration path for plants, animals and eventually humans. The study of the environment of this region throughout the entire Quaternary period is therefore significant not only for scientific purposes, but also culturally. During the last glaciation this extensive area underwent numerous environmental changes. In this study an interval of the last glacial is studied to make use of information from the many Gravettian sites that can be found distributed throughout the area. In absolute terms their time range is between approximately 31-22 ka cal BP, i.e. period of the MIS 3 and MIS 2 events. Despite the relative brevity of this era, it was a climatically unstable period that includes a larger number of cold and warm events.
The positive aspect of this approach is that the fauna of these settlements is already well known. The negative aspect is that it represents only game animals and not the entire living community of that period. The species of large mammals hunted have varied euryecious margins, i.e. they are suitable to a different degree for the interpretation of the environment.
Provinces of the study area
In the period studied, 31-22 ka cal BP, relatively rapid environmental changes were taking place in addition to great environmental variability within a relatively short geographical distance [1, 2] . Environmental changes are the result of the interaction between a wide range of differing factors. Currently, for the area of Europe, a continuous record of global climate changes is already well documented. The possibility of correlating global paleoenvironmental findings with archaeological results thereby allows for more precise interpretation. The entire study area, based on both the geological and biological information available, can be divided into several different provinces: 
Faunistic communities of Gravettian sites

The Adriatic Coast (Slovenia and Croatia)
All of the mammals discovered are solely from caves, so not all the animals found had necessarily been hunted by man, though the time frame of the Gravettian era can be identified. This province is very different from all the others because the mammal species are mainly thermophiles; a much lesser number of cold fauna are found. Reindeer and polar foxes are present only in isolated instances, while mammoth and woolly rhinoceros are absent. Some species are also absent in other areas (e.g. Canis cf. aureus, Velika Pečina Cave). Apart from the cave bears, still very abundant at the beginning (during the period about 28 ka), also present are the extant brown bears (Ursus arctos arctos), and in addition cave hyena, lynx, deer, elk, bison and animals linked to mountainous areas such as the marmot and the ibex. Surprising, saiga (Vindija Cave) and pika (Šandalja II Cave) are also present [3] .
The climate during the entire period was in this area significantly warmer than in the other more northerly provinces. Absolute figures from the local Gravettian layers indicate the somewhat earlier period of this culture: Velika Pečina 28±0.6 ka cal BP, Vindija 29±1.0 ka cal BP and Šandalja II 26±0.2 ka cal BP. This is a period during which, according to the GISP 2 ice core, a relatively warm event is believed to have occurred. The faunistic community also corresponds with this. However, due to the location of this area, the likelihood is that cold events in this area (apart from vertical zoning) have not been significant. This is an independent environmental unit, differing in its fauna not only from provinces 3 and 4, but also from the Pannonian Basin (Province 2).
The Pannonian Basin (Hungary) and the Danube Basin of southern Slovakia
This is a fairly large area, which, in accordance with contemporary knowledge, is environmentally different from the other provinces. Unfortunately, the Gravettian finds in this area are relatively sparse, so only a few faunal records are available. More information has emerged from the study of the loess and the finds of gastropods. In the actual Pannonian Basin there is the site of Bodrogkerestúr (31±3.5 ka cal BP). This date is different from other data from Gravettian sites; Aurignacian culture is commonly defined as being from this period. It is uncertain whether there has been an error in the dating or in the cultural classification. The main game found were moose and horse; other species have been found only in small numbers: mammoth, bison and hare [5] . According to the GISP 2 ice core this was a relatively cool period. The faunistic community differs from that of other Gravettian sites and it is necessary to adopt a cautious approach to this site.
Based on the findings of gastropods [4] we know that the period between 25-23 ka cal BP was distinctly cold in the Pannonian Basin and that a continental steppe existed there. The GISP 2 ice core, however, indicates rather a relatively warmer period. Smaller areas of woodland were present and the temperature in July ranged between 12-15°C give a reference for this.
Another site, in this instance in southern Slovakia (in the Váh region), is the settlement of Moravany-Lopata, dated at 26±ka cal BP and 23±0.6 ka cal BP. According to the GISP 2 ice core, both time periods recorded a relatively cool climate. This also corresponds with the hunted mammal species found. The quantitative representation of species [6] indicates a greater number in the more recent data. If the findings were derived from the data of both periods, this would indicate that the site was not inhabited continuously between these two sets of data, but only at the time period defined. The faunistic community differs quite substantially from that of the most proximate Gravettian settlements in southern Moravia and northern Austria. What is striking is the enormous number of reindeer present. This is so high that the hunting at this site as is described as being highly specialised in hunting this species. Nothing of similar significance was encountered at any other site of this period and this culture in the entire study area. The other species that are present only on a smaller scale are brown bear, wolverine, mammoth, hare and horse.
Nearly from the same area from the middle course and right bank of the Váh river, a few km NNW from Nové Mesto nad Váhom) is the Gravettian Site Trenčianske Bohuslavice. The radiocarbon dates clustered around 24.5 -22.5 ka cal BP. The fossil animals present belong to the following species: Rangifer tarandus, Equus germanicus, Mammuthus primigenius, Vulpes lagopus, Bos/Bison sp., Ursus arctos., Canis lupus, Lepus sp., Castor fiber, Coelodonta antiquitatis and Cervus elaphus. Reindeer bones dominate the assemblage, followed by horse, mammoth and arctic fox (20) .
This list indicates that information about this province apart from Slovakia is scanty; it is therefore impossible to make generalisations about it. Faunistically it is different from the southern province and, to a lesser extent also from the northern province.
The Danube Basin in northern Austria and southern and central Moravia
This region was the centre of the Gravettian culture of Central Europe; its settlements here reached the largest aggregation and were on the largest scale. This is demonstrated by the largest number of more spacious settlements, together with the largest number of finds of artifacts, cultural objects and hunted animal bones. From amongst these settlements several burial sites are also known of the inhabitants of that period. From these sites also comes the largest body of varied information but here we will select only the most relevant to environmental change.
The settlements studied endured for a longer period, even when there were climate changes, The faunistic community during the entire Gravettian period does not differ greatly in the total number of species, which is more or less constant, but the change in species prevalence is significant [1, 3, 7] .
Most settlements experienced a variety of different temperature events: Předmostí (central Moravia,~29-27 ka cal BP), according to the GISP 2 ice core had at least one cold and one warm event, Pavlov (South Moravia,~31-26 ka cal BP), had at least one warm and one cold event, Dolní Věstonice (South Moravia,~31-24 ka cal BP), had one cold, one warm and then finally one cold temperature fluctuation, and Bulhary (South Moravia,~28 ka cal BP), records a warm event. In this respect, however, it is not the settlement, but the peat, in which numerous plant residues were stored, that provides a very clear picture of the former vegetation cover in the vicinity of Dolní Věstonice, Pavlov and Milovice. This is seen at the sites Jarošov (Central Moravia,~29-27 ka cal BP), with a warm fluctuation, and Willendorf (northern Austria,~30-25 ka cal BP), with one cold, one warm and one cold fluctuation. All the settlements mentioned ended at the same time because of a cold fluctuation.
A specific exception is the Milovice settlement, which is located near Dolní Věstonice and Pavlov. The oldest data are the same as for the other sites; however, the period of settlement lasted longer (about 31-23 ka cal 3BP). Therefore it includes first the warm and then the cold event, which time wise is identical with the earliest sites in southern Poland. In regard to fauna, in the majority of settlements (Dolní Věstonice, Pavlov, Předmostí) wolves and arctic foxes outnumber mammoths,. The species represented in smaller numbers are hare, reindeer, wolverine, horse and brown bear. Only rarely do we discover woolly rhinoceros, giant deer (megaloceros), beaver, hyena, panther, lion, bovids, ibex and musk ox. The fauna of Milovice does not differ from that of other sites. The largest number of game is represented by mammoths and there are slightly fewer horses and reindeer. Occasionally found were wolves, foxes and lions. Species requiring a different type of landscape started to penetrate from the south, along the Danube, in sporadic occurances; these included lynx, moose and deer [1, 3, 7] .
In 22 ka cal BP a radical change took place in the entire faunal community in northern Austria and perhaps also in southern Moravia. Even before this time there was a drastic reduction in the number of woolly rhinoceros and mammoths. The youngest site, which did not any longer constitute part of the Gravettian culture, but time wise it lies directly above it, is the Grubgraben settlement, located in northern Austria (22±0.2 -20±0.4 ka cal BP). This date occurs during a warm event, which took place subsequent to the cold event recorded in Milovice. This site is extremely important in terms of the substantial changes in the faunal community. At this time, or rather just prior to it, a major change took place in this area in the composition of the species community. The reindeer becomes dominant -which, if you remove the time factor and the cultural perspective, is somewhat reminiscent of the Moravany-Lopata site in Slovakia. Present in smaller numbers are horse, ibex, and bovids. Only rarely have arctic foxes, wolverines, brown bears or mammoths been found [8] .
The landscape of southern Moravia was highly differentiated in terms of its vegetation cover, not only in terms of its relative height. In the valleys of the large watercourses were coniferous forests and horsehoe lakes of rivers, marshy places and open meadows with areas of grass and peat. In coniferous forests deciduous trees that require a warmer climate were occasionally present. The hills surrounding the valleys were covered with grass, and only in optimal locations were there small forested areas or isolated trees; otherwise it was a typical steppe habitat [12] .
Northern Moravia and southern Poland
The sites in central Moravia are, with respect to sediments, somewhat different than the sites in southern Moravia. The environment in northern Moravia and in southern Poland was totally different to in the south. This is an area with a lower concentration of Gravettian settlements, which, in any case, did not attain the scale of the south Moravian settlements. The largest and most important site is Spadzista (~24 -20 ka cal BP). This period correlates to the GISP 2 ice core with one cold and one warm fluctuation. Notably it begins with the cold fluctuation which terminates the Gravettian settlements in southern Moravia. Species found include the mammoth, the woolly rhinoceros, wolf, hare, arctic fox and a bear [9] , considered here to be a brown bear. Artifacts pertaining to this culture were also found in the Mamutova Cave (22±0.3 ka cal BP). Here there is probably a cold event. However, the fauna discovered -reindeer, chamois, cave hyena, cave bear, arctic fox, wolf, bison and hare -probably do not solely originate from the Gravettian cultural layer. Both sites referred to above are in southern Poland, the other sites are in northern Moravia. In the Petřkovice settlement only a single mammoth tooth has been preserved; all the other osteological material like dentin from mammoth teeth was completely destroyed by weathering. Time wise it is classified as belonging to the second half of the period of Gravettian settlements (23±0.4 ka cal BP). This was again a cold event, analogous to that at the Spadzista site. A comparison of the faunal community of the same time period from the Grubgraben site in northern Austria with that of the sites in southern Poland indicates a significant difference. While in southern Poland the fauna is still similar to that of other Gravettian sites, in northern Austria a change has already occurred. One additional detail is striking. The Gravettian sites of Province 4 are younger in comparison with those of other provinces.
Environmental changes
The European climate has always been influenced by two major gradients: the North-South gradient and the WestEast gradient. The North-South gradient is interrupted in Central Europe by a mountain barrier in a west -east direction that divides this area into two parts from a climatic point of view. The increasing continentality of the climate from west to east alters the temperate and wet winters and cool summers in Western Europe into the harsh winters and hot summers in the east. This is complemented by significant regional contrasts in rainfall. In this study we consider the climate as having been characterised by extreme temperatures in winter and summer, with a small quantity of annual rainfall. All the environmental changes and the associated changes of plant cover and of the faunal communities can be divided into three groups. The first consists of global changes, of a first order magnitude. The source data for this information are primarily derived from marine sediments and from the ice-core records of Greenland and Antarctica. In various different areas these consist mainly of major changes at the level of interglacials and glacial and led to large-scale mammal migration. Second order changes are regional. They are influenced by many different factors (in particular geographic location, continental and oceanic climate, length of days, grade of insolation, rock soil, relative altitude, wind direction, etc.). To some extent these can even over-ride the first order magnitude factors. The boundaries of these regions are not constant and alter over time. Usually when there are lesser climatic fluctuations no significant changes occur in the composition of plant cover and of the faunistic community. The level of biodiversity remains about the same; the only change is in the quantitative representation of individual taxons. Migration is only of a seasonal nature.
A far more important role is played by local factors, i.e. third order changes. These can be either pessimal, i.e. biologically disadvantageous, or optimal, and therefore advantageous. More important for our study are those that are favourable. These local changes are the starting point in the reconstructing the original environment. Local conditions play a significant and sometimes even a decisive role and can lead to the development of refugia for both plant and animal species. Climatically they differ considerably from the surrounding area. Only in such locations can we find large settlements of the Palaeolithic culture, as seen in the study area.
Climate of southern and central Moravia
A typical example of the effect of climate change on mammals is that of southern and central Moravia during the Gravettian period. We are interested in the period between 31-22 ka cal BP. Even during 26-25 ka cal BP Scandinavia, below 1,500 m sl, was ice-free, and only then did the continental glacier begin to expand deep into central Poland and Germany. The glacier mass originated in the far north; in the area of its southern edge it therefore represented foreign matter. Its influence on the area of the entire gradient studied was certainly varied. The scale of the area of glaciation in Scandinavia had relatively little impact on the European climate south of the Baltic Sea [10] . More significant climatically for Central Europe was the enlargement of the area of sea ice in the northern Atlantic. This applies, above all else, to the origin of permafrost. After the relatively warm MIS 3, with rather wide climatic oscillations, a significant cold period gradually started to occur especially during the LGM, leading to the formation of continuous permafrost in Great Britain, northern Belgium, the Netherlands, northern Germany and northern Poland. The southern extent of the permafrost area during the cold stages of the last glaciation in Europe (the early and the greater part of the middle pleniglacial) is often considered in relation to the latitude of the southern edge of the glaciation of the northern Atlantic [11] . The southernmost boundary of this glaciation in the early pleniglacial was around 50°N, which would mean roughly along the transect of Prague to Ostrava to Lviv. The northern territories therefore differed strongly from Moravia, Austria, Slovakia and Hungary. Continuous permafrost is identified especially in the northern areas. As far as Moravia and the southern areas are concerned, it can be assumed that continuous permafrost at this time occurred only at higher altitudes.. At lower altitudes, even during the LGM, there were not continuous areas of permafrost in Moravia (except in the mountains), but rather small islands of it, varying in size, depending not only on the temperature, but primarily also on the bedrock. It is assumed that in the south of Poland its formation mainly did not take place until the onset of the LGM and not during the Gravettian period.
In the loess overlying the Gravettian we find in Moravia cyclical horizons of tundra gley. These indicate pauses in the wind-blow of loess and they also provide documentation of the accompanying extreme cold, with periglacial phenomena, especially solifluction and frost wedges. These are well known from the Gravettian sites of Dolní Věstonice and Pavlov from the time when this culture ended in the first tundra gley horizon. Tundra gley horizons during this period were a general phenomenon, found not only to the west of the studied area (Western Europe) but also in provinces 3 and 4 of the study area. They repeated cyclically several times and a large number of them are always located in the top section of the Gravettian.
This period of the emergence of tundra gley was also accompanied by increased rainfall. Increased precipitation however did not affect all the provinces studied but was mainly found in areas of central and north Moravia. Central Moravia defines the fairly sharp boundary between the northern and southern regions. While in southern Moravia this increase is hardly noticeable, from central Moravia towards the north it is completely different. Osteological material there from the Gravettian is enveloped in calcareous sinter while carbonate limestone is formed into strong nodules (Jarošov in central Moravia) and the leaching of calcium carbonate sediments even leads to the total destruction of bones (Petřkovice in northern Moravia). From teeth, only the enamel remains. This also results in larger-scale solifluction leading to contingent slope failure of loess sediments.
From this it follows that in the individual provinces of the N-S transect, there was a sharp temperature increase at the end of the Gravettian and in the areas to the north of central Moravia this was accompanied by increased rainfall.
Accumulation of loess
The wind-blown loess in these areas is of western origin. Up till now attention has not been paid to the speed and the temperature of these winds in individual provinces. Just as there is a rainfall and temperature gradient between the European east and west, something similar can also be observed in wind speed [15] . In the period studied there occurred both in Western and Central Europe two distinct time-separated accumulations of loess. The cal-culated rate of the loess accumulation between 28 ka cal BP and 18 ka cal BP in the Rhineland ranged from 100 g/m 2 /yr upwards; it was lower in Belgium and in eastern France. However, the highest values were detected in northern Austria (Grubgraben), south Moravia (Dolní Věstonice) and Hungary (Paks). They ranged between 1,600 to 3,200 g/m 2 /yr. Such large quantities of drifted and deposited particles must of necessity have been reflected in the air cleanness. This led to a situation in which loess storms occurred, the air was not clean and clear, the snow was dirty and the sky remained more or less misty. In any event, the air full of dust influenced not only the average temperature, but plants, animals and, human activity. Additionally, winds of such strength had another adverse connotation, i.e. an intense cooling effect on the surface of the human body (13) . Wind chill based on the heat lost from exposed skin results from the combined effects of cold temperatures and of wind speed. The wind temperatures in the area of study were more or less the same (at Milovice, Dolní Věstonice, Pavlov, Předmostí, Petřkovice, Moravany -Lopata, Spadzista and Willendorf II). The summer air temperatures for all the above sites ranged between 7.6 and 9.5°C, winter temperatures were between -20.7 0 C and -24 0 C. The highest summer air temperatures were measured at the Moravany -Lopata site, the lowest at Willendorf II. The highest winter air temperatures were recorded in Petřkovice, the lowest at the Spadzista site (13) . Observed air temperatures indicate that the most important role in the area of study was played not so much by latitude as by the relief of the terrain.
Vegetation cover
Analysis of vegetation cover from the end of the last glaciation indicates a different model of the environment, one that is not analogous to today's north. Biotically this environment was related rather to the steppe than to the tundra. The steppe areas that were the most common phenomenon in Central Europe at the end of the last glaciation probably had a number of local peculiarities induced by the local climate. The names that have already been applied, such as steppe tundra, tundra-steppe, mammoth steppe, loess steppe and coniferous parkland suggest this. However, it would be a mistake to assume that it was solely a steppe landscape; this country was far more differentiated in terms of its vegetation cover. These names always correspond only to a part of the landscape of a specific region and, in any event, do not indicate its mosaic pattern of flora. Perhaps the most suitable term that best corresponds with the landscape of the period is foreststeppe parkland [16] .
Steppe areas of that period and latitude have more fertile soils due to the continuous flow of loess [17] . As the result of an extreme continental climate there is low average annual precipitation, not only in the summer, but also providing light snow cover in winter. The faunal composition of the communities at all the Gravettian sites clearly confirms a minimal depth of snow during the winter months. Sunny weather in places with plenty of water in the spring and summer months produces a longer season of plant growth. The flood plains of rivers significantly differ in their vegetation from that in their closest vicinity, from the hills and even more from the higher mountains. The result is a diverse landscape with an unusually high diversity of plant environments. We can take south Moravia as an example, which has been the most thoroughly investigated in respect to the Gravettian period. Larger settlements are always found in the vicinity of floodplains. The valley of Dyje river is broad, muddy in places with abandoned river branches, sometimes with open areas that are covered only with grass. The rivers flow slowly, accumulating sediment rather than eroding it. In the valley there are coniferous forests, which gradually disappear in the direction of the surrounding hills. Rarely, deciduous trees are also found in them that require a relatively warm climate. They did not arrive there during the last glaciation but had survived there since the last interglacial. The traditional paradigm that deciduous trees, during the full glaciation, were confined only to southern Europe is questionable. 40 sites in Central and Eastern Europe dated on the basis of 151 charcoal specimens using the radiocarbon dating method indicate that during full glaciation coniferous and occasionally also deciduous trees grew further to the north and east than had previously been thought [20] . In the period between 32-16 ka cal BP conifers and thermophilic deciduous trees were continuously present throughout all the cold and warm events and survived in areas that could be defined as refugia. The presence of deciduous trees in the area of study therefore is not exceptional. Only the hills surrounding the alluvial plains were typical steppe, with isolated small woods and with isolated trees at more favourable locations. The higher altitudes had only grass cover; the highest were baren and were the origin of the loess that occurs everywhere at lower altitudes. In terms of vegetation cover the landscape was highly differentiated and therefore very favourable for the existence of game and therefore also for hunters.
Faunal analysis
The last glaciation, more precisely the period of Gravettian culture, is also characterised by a high diversity of species of fauna. This was actually the last period of such a great diversity of species and after that time it started rapidly decreasing (in the Grubgraben), reaching its lowest level in the early Holocene. This great diversity of species bears a direct relationship with the diversity of the landscape in which the animals lived. Faunalistic species heterogeneity during the late Pleistocene was significantly greater than in the Holocene, not just in Europe but also in North America, based on a study of 2945 sites [19] . Most species found were eurythermic, more dependent on rainfall and especially on its distribution during the year than on the average annual temperature.
A great number of records are also available of gastropods in loess. Their analyses, unlike in the case of the large and medium-sized mammals, documents that at the Gravettian sites there was usually a cold and dry climate (loess steppe), a climate with cold winters and hot summers and therefore no forests. This divergence from the analyses of the mammals can be explained only by the fact that the active radius for individual categories of animals (e.g. gastropods, birds and large mammals) was very diverse and conversely gastropods are always documented in smaller habitats, in this case, the steppe landscape.
The fauna of the individual Gravettian settlements have always been processed in their entirety. But it must be emphasised that this only constitutes a fraction of the entire community -only those species that were suitable for hunting. However, great differentiation in the landscape, from the steppe to the enclosed forest units, means that the individual species showed a preference for the landscape that best suited them. This was evident at the Předmostí site [14] , where hunting was possible in two areas with differing plant cover, and was therefore focused on a specific area in the winter and another one in summer. Another drawback of current studies is that no animals were identified as living permanently and giving birth to their young in the area, amongst those species that were migrating there only occasionally, for a short period of time (e.g. musk ox in Předmostí). The last difficulty in interpreting this record is that the climate of longer lasting settlements was not stable; there were fluctuations between cold and warm climates. These fluctuations occurred over thousands of years. Up till now, however, the entire faunal community has always been studied as one climatic unit, although this is only seeing part of the answer. This is due to the fact that time-differentiated areas of the settlement and their findings have never been defined before and this area deserved much greater consideration in future studies.
Conclusions
The individual provinces of the N-S transect of Central Europe are environmentally distinct. This means that people in the Gravettian era lived in varying climatic conditions. The warmest area was Province 1, i.e. the area by the Adriatic Sea. Province 2 was specific in the aspect that it was an area with a relatively larger area of steppe than the others. If we also include the surrounding mountains as part of it, this was not in any way a uniform area. Province 3 constituted the cultural centre of the Gravettian era. Settlements there lasted longer and the climate, during the greater part of the Gravettian period, changed several times. The Gravettian period concludes there with an extremely cold period, roughly at the beginning of the LGM. Province 4 was climatically separate, most noticeably from the end of the Gravettian period and beyond, when there were not only fluctuations of a considerably colder climate (like in south Moravia), but also an enormous increase of precipitation. Central Moravia at this time formed the boundary between the climatically different north and south. Substantial faunal change occurred during approximately 23-22 ka cal BP, but only in northern Austria, in contrast to southern Poland, where the faunal communities of the same period remained unchanged.
